Context. The predicted orbital-period distribution of the subdwarf-B (sdB) population is bi-modal with a peak at short ( < 10 days) and long ( > 250 days) periods. Observationally, many short-period sdB systems are known, but the predicted long period peak is missing as orbits have only been determined for a few long-period systems. As these predictions are based on poorly understood binary-interaction processes, it is of prime importance to confront the predictions with reliable observational data. We therefore initiated a monitoring program to find and characterize long-period sdB stars. Aims. In this paper we aim to determine the orbital parameters of the three long-period sdB+MS binaries BD+29
Introduction
Hot subdwarf-B (sdB) stars are core helium burning stars with a very thin hydrogen envelope (M H < 0.02 M ⊙ ), and a mass close to the core helium flash mass ∼ 0.47 M ⊙ (Saffer et al. 1994; Brassard et al. 2001) . These hot subdwarfs are found in all galactic populations, and they are the main source for the UV-upturn in early-type galaxies (Green et al. 1986; Greggio & Renzini 1990; Brown et al. 1997) . Furthermore, their photospheric chemical composition is governed by diffusion processes causing strong He-depletion and other chemical peculiarities (Heber 1998) . The formation of these extreme horizontal branch objects is still puzzling. To form an sdB star, its progenitor needs to lose its hydrogen envelope almost completely before reaching the tip of the red giant branch (RGB), so that the core ignites while the remaining hydrogen envelope is not massive enough to sustain hydrogen shell burning. A variety of possible formation channels have been proposed. The earlier suggestions were based on single star evolution, e.g. stellar wind mass loss near the tip of the RGB (D'Cruz et al. 1996) or enhanced mass loss due to rotationally driven helium mixing (Sweigart 1997) . It was found, however, that many sdB stars reside in binary systems (Maxted et al. 2001) , indicating that binary interaction plays an important role (Mengel et al. 1976) . Currently, there is a consensus that sdB stars are formed by binary evolution only, and several evolutionary channels have been proposed, where binary-interaction physics plays a major role. Close binary systems can be formed in a common envelope (CE) ejection channel (Paczynski 1976) , while stable Roche-lobe overflow (RLOF) can produce wide sdB binaries (Han et al. 2000 (Han et al. , 2002 . An alternative formation channel forming a single sdB star is the double white dwarf (WD) merger, where a pair of white dwarfs spiral in to form a single sdB star (Webbink 1984) . Han et al. (2002 Han et al. ( , 2003 addressed these three binary formation mechanisms, and performed binary population synthesis (BPS) studies for two kinds of CE ejection channels, two possible stable RLOF channels and the WD merger channel. The CE ejection channels produce close binaries with periods of P orb = 0.1 -10 d, and main-sequence (MS) or white-dwarf (WD) companions. The sdB binaries formed through stable RLOF have orbital periods ranging from 10 to 500 days, and MS companions. An alternative stable RLOF channel based on the γ-formalism is described by Nelemans et al. (2000 Nelemans et al. ( , 2001 ; Nelemans (2010) and can produce sdB binaries with periods on the order of 1 − 2 years. Finally, The WD merger channel can lead to sdB stars with a higher mass, up to 0.65 M ⊙ . A detailed review of hot subdwarf stars is given by Heber (2009) 
Many observational studies have focused on short-period sdB binaries (Koen et al. 1998; Maxted et al. 2000 Maxted et al. , 2001 Heber et al. 2002; Morales-Rueda et al. 2003; Napiwotzki et al. 2004; Copperwheat et al. 2011) , and over 100 of these systems are currently known (Geier et al. 2011, Appendix A) . These observed short-period sdB binaries correspond very well with the results of BPS studies. However, only a few long period sdB binaries are known (Green et al. 2001; Østensen & Van Winckel 2011 Deca et al. 2012; Barlow et al. 2012; Vos et al. 2012) , and the current studies show that there are still large discrepancies between theory and observations (Geier 2013) . In a recent response to these discoveries Chen et al. (2013) have revisited the RLOF models of Han et al. (2003) with more sophisticated treatment of angular momentum loss. Their revised models show mass -orbital period relations that increase substantially as a function of composition, with solar metallicity models reaching periods up to 1100 d. They also note that by allowing the transfer of material extending beyond the classic Roche lobe (atmospheric RLOF) they can reach periods as long as ∼1600 d.
In this paper we present the orbital and atmospheric parameters of the three long-period sdB + MS binaries BD+29
• 3070, BD+34
• 1543 and Feige 87, using the methods described in Vos et al. (2012) , hereafter Paper I. In Sect. 2 the radial velocities are determined for both components after which the orbital parameters are derived. Using the obtained mass ratio, the atmospheric parameters are derived from the spectral-energy distribution (Sect. 3), and spectral analysis (Sect. 4). Furthermore, the surface gravity of the sdB component is estimated based on the gravitational redshift in Sect. 5. Finally in Sect. 6 and 8 all results are summarized. BD+29
• 1543 and Feige 87 are part of a long-term spectroscopic monitoring program, and preliminary results of these and five more systems in this program were presented in Østensen & Van Winckel (2011 .
Spectroscopy
High resolution spectroscopic observations of BD+29
• 1543 and Feige 87 were obtained with the HERMES spectrograph (High Efficiency and Resolution Mercator Echelle Spectrograph, R = 85 000, 55 orders, 3770-9000 Å, Raskin et al. 2011) attached to the 1.2-m Mercator telescope at the Roque de los Muchachos Observatory, La Palma. HERMES is connected to the Mercator telescope by an optical fiber, and is located in a temperature controlled enclosure to ensure optimal wavelength stability. In Paper I, Sect. 2 the wavelength stability was checked, using 38 radial velocity standard stars of the IAU observed over a time span of 1481 days, and a standard deviation of 80 m s −1 with a non-significant shift to the IAU radial velocity standard scale was found. In total there were 31 spectra of BD+29
• 3070, 30 of BD+34
• 1543 and 33 of Feige 87 taken between June 2009 and January 2013. The observations are summarized in Table 1 . HERMES was used in high-resolution mode, and Th-Ar-Ne exposures were made at the beginning and end of the night. The exposure time of the science observations was adapted to reach a signal-to-noise ratio (S/N) of 25 in the V-band, whenever observing conditions permitted. The HERMES pipeline v5.0 was used for the basic reduction of the spectra, including barycentric correction.
For BD+34
• 1543 there was one more high resolution spectrum available, taken with the FOCES spectrograph (FiberOptics Cassegrain Echelle Spectograph, R = 30 000, 3600-6900 Å) attached to the 2.2-m telescope at Calar Alto observatory, Spain. This spectrum was obtained in February 2000 (HJD = 2451576.5166). The spectrum was reduced as described in Pfeiffer et al. (1998) using the IDL macros developed by the Munich Group.
Flux-calibrated spectra of BD+29
• 1543, and Feige 87 were taken with the Boller and Chivens (B&C) spectrograph attached to the University of Arizona's 2.3 m Bok telescope located on Kitt Peak. All three stars were observed using a 2.5" slit and 1st order 400/mm grating blazed at 4889 A, with a UV-36 filter to block 2 nd order light. These parameters provided a 9 Å resolution over the wavelength range 3600-6900 Å. BD+29
• 3070 was observed on 25-06-2000 with an exposure time of 30 s, resulting in an overall S/N of 235 per resolution element (134 per pixel, and slightly higher in the range 3600-5000 Å). BD+34
• 1543 was observed once on 17-09-1998 and five additional times between 2005 and 2007, for a total exposure time of 260 s and a (formal) S/N ∼ 750 (435 per pixel). Feige 87 was observed twice, on 10-03-1999 and 06-06-1999 , for a total exposure time of 210 s and S/N of 345 (195 per pixel). The spectra were bias-subtracted, flat-fielded, optimally extracted, and wavelength calibrated using standard IRAF 1 tasks. They were flux calibrated using either BD+28
• 4211 or Feige 34 as flux standards. The individual spectra for BD+34
• 1543 and Feige 87 were combined by determining the cross-correlation velocities using only the Balmer and helium lines, and shifting each spectrum to the mean sdB velocity before combining (although the velocity shifts were always small, less than 1/3 of a pixel, compared to the spectral resolution 3.15 pixels). While these spectra have a too low resolution to obtain radial velocities, they are used to determine spectroscopic parameters of both components in Section 4.3.
Radial Velocities
Østensen & Van Winckel (2011) determined preliminary orbital periods of both BD+29
• 1543 and Feige 87 based on the radial velocities of the cool companion and assuming circular orbits, resulting in respectively 1160 ± 67 days, 818 ± 21 days and 915 ± 16 days. These long periods allow us to sum spectra that are taken within a five-day interval to increase the signal to noise (S/N), without significantly smearing or broadening the spectral lines. This five-day interval corresponds to about 0.5 % of the orbital period, and a maximum radial velocity shift of 0.06 km s −1 . After this merging, 28 spectra of BD+29
• 3070, 22 spectra of BD+34
• 1543 and 19 spectra of Feige 87 remain, with a S/N varying from 25 to 50. These spectra with the averaged BJD in case of the merged spectra are displayed in Table 2 , 3 and 4.
The radial velocities of the MS components are determined with the cross-correlation method of the HERMES pipeline, based on a discrete number of line positions. This is possible because the sdB component has only a few H and He lines, which are avoided in the cross correlation. To determine the radial velocities of the MS components of the three systems, a G2-type mask was used on orders 55-74 (4780 -6530 Å) as these orders give the best compromise between maximum S/N for G-K type stars and absence of telluric influence. The final errors on the radial velocities (see Table 2 , 3 and 4) are calculated taking into account the formal errors on the Gaussian fit to the normalized cross-correlation function and the error due to the stability of the wavelength calibration.
To determine the radial velocities of the sdB components a different technique is necessary as these stars have only few spectral lines visible in the composite spectra. The only spectral line that is not contaminated by the MS components is the He I blend at 5875.61 Å. To derive the radial velocity based on only one line, a more specific method is necessary to avoid unacceptably high errors. The region around the He I line is first cleaned by hand of all remaining cosmic rays after which it is normalized by fitting low order polynomials to the spectrum. The cleaned and normalized spectra are then cross correlated with a high-resolution synthetic sdB spectrum from the LTE grids of Heber et al. (2000) . For all three systems a synthetic spectrum of T eff = 30000 K, log g = 5.50 dex, and a resolution matching that of HERMES was used. Spectra with different T eff and log g were tried, but did not result in a significant change. The cross correlation (CC) is carried out in wavelength space, and the resulting radial velocity is calculated by fitting a Gaussian to the cross-correlation function. The error is determined by performing a Monte-Carlo (MC) simulation in which Gaussian noise is added to the observed spectra after which the CC is repeated. The final error is based on the standard deviation of the radialvelocity results of 1000 MC iterations, the wavelength stability of HERMES and the dependence on the used sdB template. For a more elaborate explanation on the derivation of radial velocities from the HERMES spectra see Paper I, Sect. 2.1. The final radial velocities of both the MS and sdB component of BD+29
• 3070 together with their errors are given in Table 2 , while those of BD+34
• 1543 and Feige 87 can be found in Table 3 and 4 respectively. The FOCES spectrum of BD+34
• 1543 is analyzed in exactly the same way as the HERMES spectra to determine the radial velocities of both components. The results are given in Table 3 together with the HERMES results.
Orbital parameters
The orbital parameters of the sdB and MS components are calculated by fitting a Keplerian orbit to the radial velocity measurements, while adjusting the period (P), time of periastron (T 0 ), eccentricity (e), angle of periastron (ω), two amplitudes (K MS and K sdB ) and two systemic velocities (γ MS and γ sdB ). As a first guess for these parameters, the results of Østensen & Van Winckel (2011) were used. The radial velocity measurements were weighted according to their errors as w = 1/σ. For each system, the Lucy & Sweeney (1971) test was used to check if the orbit is significantly eccentric. In the fitting process, the system velocities of both components are allowed to vary independently of each other, to allow for gravitational redshift effects in the sdB component (see Paper I, Sect. 4, and Sect. 5 in this paper). The uncertainties on the final parameters are obtained using 5000 iterations in a Monte-Carlo simulation where the radial velocities were perturbed based on their errors. The spectroscopic parameters of BD+29
• 3070 and BD+34
• 1543 are shown in Table 5 . The radial-velocity curves and the best fits are plotted in Fig. 1 .
Feige 87 (= PG 1338+611) has been studied by Barlow et al. (2012) 
Notes. a denotes the semi-major-axis of the orbit. The quoted errors are the standard deviation from the results of 5000 iterations in a Monte Carlo simulation.
ponent. However, Barlow et al. (2012) find a difference in systemic velocity for the MS and sdB component of
for the HERMES spectra), which they attribute to gravitational redshift. If this was caused by gravitational redshift, this shift would mean that the MS component has a higher surface gravity than the sdB component, a highly unlikely situation (see also Sect. 5). A more plausible cause can be found in the lines used to derive the radial velocities of the sdB component. Barlow et al. (2012) used both the He i λ 4472 and He i λ 5876 lines, but when comparing the He i λ 4472 line with a synthetic G2 spectrum, it is clear that this line is significantly contaminated by spectral features of the cool companion. In the analysis of the radialvelocity curves of Feige 87, we used their results of Barlow et al. (2012) of the MS component, but discarded the results of the sdB component. The phase-folded radial velocity curve of the HERMES data is shown in Fig. 1 , while the radial velocity curve of both HERMES and Barlow et al. (2012) is shown in Fig. 2 . The spectroscopic parameters of Feige 87 are given in Table 5 .
Spectral Energy Distribution
The spectral-energy distribution (SED) of the systems can be used to determine the spectral type of the MS and sdB component. We used photometric SEDs which were fitted with model SEDs to determine both the effective temperature and surface gravity of both components.
Photometry
To collect the photometry of both systems the subdwarf database 2 (Østensen 2006) , which contains a compilation of data on hot subdwarf stars collected from the literature, is used. These photometric measurements are supplemented with photometry obtained from several other catalogs as listed in Table 6 . In total we obtained 17 photometric measurements for BD+29
• 3070, 14 for BD+34
• 1543 and 11 for Feige 87. Both accurate photometric measurements at short and long wavelengths are used to establish the contribution of the hot sdB component and the cool MS component. 
SED fitting
The SED fitting method is similar to the one described in Paper I. The observed photometry is fitted with a synthetic SED integrated from model atmospheres. For the MS component Kurucz atmosphere models (Kurucz 1979 ) ranging in effective temperature from 4000 to 9000 K, and in surface gravity from log g=3.0 dex (cgs) to 5.0 dex (cgs) are used. For the hot sdB component TMAP (Tübingen NLTE Model-Atmosphere Package, Werner et al. 2003) atmosphere models with a temperature range from 20000 K to 50000 K, and log g from 4.5 dex (cgs) to 6.5 dex (cgs) are used. The SEDs are fitted in two steps. First the grid based approach described in Degroote et al. (2011) extended for binarity Bergeron et al. (1984) is used to scan the entire parameter space. For each point the χ 2 is calculated as
where O i is the observed photometry and C i is the calculated model photometry. The grid point with the lowest χ 2 is used as starting point for a least-squares minimizer which will then determine the final result. In a binary system, there are eight parameters to consider: the effective temperatures (T eff,MS and T eff,sdB ), surface gravities (g MS and g sdB ) and radii (R MS and R sdB ) of both components, the interstellar reddening E(B − V) and the distance (d) to the system. The interstellar reddening is presumed equal for both the MS and the sdB component. To increase the accuracy, the models are first corrected for interstellar reddening and then integrated over the photometric pass-bands using the reddening law of Fitzpatrick (2004) with R V = 3.1. The distance to the system is used as a scale factor and is calculated analytically, by shifting the synthetic models to the photometric observations.
As shown in Paper I, the mass ratio obtained from the radial velocity curves can be used to couple the radii of both components to their surface gravity, and thus reducing the number of free parameters from eight to six. The total flux of a binary system is then calculated using:
The uncertainties on the final parameters are determined by calculating two-dimensional confidence intervals (CI) for all parameter pairs. This is done by creating a 2D-grid for each parameter pair. For each point in this grid, the two parameters for which the CI is calculated are kept fixed on the grid-point value, while the least-squares minimizer is used to find the best-fitting values for all other parameters. The resulting χ 2 for each point in this grid is stored. All these χ 2 s are then rescaled so that the χ 2 of the best fit has the expected value k = N obs − N free , with N obs the number of observations and N free the number of free parameters in the fit. The cumulative density function (CDF) is used to calculate the probability of a model to obtain a certain χ 2 value as:
Where P is the regularized Γ-function. Based on the obtained probability distribution, the uncertainties on the parameters can be derived.
Results
To fit the SEDs of the three systems, first a grid of composite binary spectra is calculated for 1 000 000 points randomly distributed over the T eff , log g and E(B − V) intervals for both components. Then the 50 best-fitting grid points are used as starting values for the least-squares minimizer. For this best fit the CIs are estimated, and used to limit the original ranges on the parameters, after which the fitting process (grid search and least-squares minimizer) is repeated. To determine the CIs of the parameters, for each two parameters a grid with a resolution of 45 × 45 points was used, with the limits adjusted based on the resulting confidence intervals. When the model atmospheres allowed, the limits of the grid are set to include the 95 % CI, when this was not possible, the limits of the model atmosphere grid were used. The final uncertainties on the parameters are an average of the 95 % CIs for that parameter in all two-dimensional CIs that contain that parameter. The photometry of BD+29
• 3070 has a rather large spread, which will result in large uncertainties on the derived parameters. The best fitting effective temperatures are T eff,MS = 6570 ± 550 K and T eff,sdB = 28500 ± 5000 K, with surface gravities of log g MS = 4.4 ± 0.5 dex and log g sdB = 5.76 ± 0.5 dex. The reddening is E(B − V) = 0.009 +0.041 −0.009 mag. This value is consistent with the maximum reddening E(B − V) max = 0.052 derived from the dust maps of Schlegel et al. (1998) . The χ 2 of the best fit is 45.6 which is more than three times as high as the expected 
Fig. 3. The spectral energy distribution and (O-C) of BD+29
• 3070 (left), BD+34
• 1543 (center) and Feige 87 (right). The measurements are given in blue, the integrated synthetic models are shown in black, where a horizontal error bar indicates the width of the pass-band. The best fitting model is plotted in red. In the bottom panels the residuals are plotted for each system. Table 7 . The results of the SED fit for BD+29
• 1543 and Feige 87, together with the 95% probability intervals derived from the confidence intervals plotted in Fig. 4 value (N obs -N free = 12), indicating that the stated errors on the photometry are too small. When calculating the confidence intervals, a scaling factor of 3.8 is used when converting the χ 2 values to probabilities. As can be seen on the plots of the CIs in Fig. 4 , there is no strong constraint possible on the surface gravity of the components. Increasing the surface gravity of one component can be countered by increasing the log g of the other component as well, and thus effectively shrinking the radii of both components. For the sdB component there is a strong correlation between T eff and log g visible. The effect on the atmosphere models of an increase in T eff can be diminished by increasing log g, and thus decreasing the radius. However, it is possible to provide an upper limit on the effective temperature as the He ii lines are not visible in the HERMES spectra, indicating that the effective temperature is below 35000 K (Heber 2009 ).
For BD+34
• 1543 fourteen photometric measurements are available, with a smaller spread than for BD+29
• 3070. The effective temperatures of the components derived from the SED fit are T eff,MS = 6210 ± 250 K and T eff,sdB = 36700 ± 5000 K, while a surface gravity of log g MS = 4.19 ± 0.20 dex and log g sdB = 5.92 ± 0.40 dex are found. The reddening is determined to be E(B−V) = 0.007 +0.061 −0.007 which is consistent with the maximum reddening found on the dust maps of Schlegel et al. (1998) , and supported by the absence of sharp interstellar absorption lines in the spectrum. As can be seen in Fig. 4 the probability distributions of the MS components parameters form a Gaussian-like pattern, and the T eff and log g of the MS component have stronger constraints than for BD+29
• 3070, independently of the parameters for the sdB components. The uncertainty on the effective temperature and surface gravity of the sdB component is larger as both parameters are correlated in the same way as for BD+29
• 3070. However, the presence of clearly visible He i and He ii lines in the HERMES spectra of BD+34
• 1543 indicates that the effective temperature should be between 35000 and 50000 K.
In the case of BD+34
• 1543 the parallax was measured by Hipparcos (van Leeuwen 2007) to be 4.22 ± 1.72 mas. This parallax could be used to fix the distance to the system in the SED fitting process. Since the parallax is of the same order as the projected size of the orbit for this system, one may presume that the Hipparcos parallax is unreliable, but as both components of BD+34
• 1543 have a very similar flux in the Hipparcos pass band, the center of light does not change during the orbit. However, the uncertainty on the parallax is large (∼ 40 %). Using this parallax to fix the distance to the system, without propagating the uncertainty on it, results in effective temperatures of T eff,MS = 6230 ± 100 K and T eff,sdB = 37900 ± 3500 K, and surface gravities of log g MS = 4.04 ± 0.05 dex and log g sdB = 5.81 ± 0.15 dex. The reddening is determined to be E(B − V) = −0.011 . The uncertainties are much smaller as when the distance is included as a free parameter, especially on the surface gravity. However, due to the large uncertainty on the parallax, only the atmospheric parameters derived with the distance as a free parameter are used.
For Feige 87 there are only eleven photometric measurements found in the literature, but there is a very good agreement between all the measurements in the different bands. When checking the residuals of the fit, Feige 87 has the smallest spread of all three systems, with a total χ 2 of 2.9. The SED results in an effective temperature of T eff,MS = 5840 ± 500 K and T eff,sdB = 27400 ± 5000 K for the MS and sdB component, together with a surface gravity of log g MS = 4.40 ± 0.30 dex and log g sdB = 5.50 ± 0.50 dex. The reddening of the system is found to be E(B − V) = 0.012 +0.045 −0.012 , consistent with the results from the dust maps of Schlegel et al. (1998) . On Fig. 4 the probability distributions show a similar pattern as for BD+29
• 3070. Although the distribution in T eff,MS -log g MS and T eff,sdB -T eff,MS have a clearer Gaussian pattern, indicating that they are determined more accurate as for BD+29
• 3070.
The advantage of having an estimate of the distance to the target is clear when considering the uncertainties of the atmospheric parameters. Because the radii of the components are derived from their surface gravity, limiting the distance will also limit the radii. If the distance is accurately known, the accuracy of the surface gravity can be increased by a factor ten compared to when the distance is treated as a free parameter. Determining atmospheric parameters from photometry will greatly benefit from the Gaia mission that will derive accurate distances of about a billion stars.
Spectral analysis
The atmospheric parameters determined from the SEDs can be checked using the spectra. The HERMES echelle spectra are not easy to flux calibrate accurately, and therefore not well suited to fit model atmospheres, but it is possible to subtract the continuum contribution of the sdB component as explained in the following subsection. The resulting spectra of the MS components can be used to derive atmospheric parameters based on the Fe i and Fe ii lines. Apart from the HERMES spectra, we have obtained flux calibrated long-slit spectra with the Bok telescope (see Sect. 4.3) . The resolution of these spectra is too low to determine radial velocities, but they can be used to fit model atmospheres and provide an independent set of atmospheric parameters.
Disentangling
When the spectroscopic parameters of both components in a system are known, it is possible to extract the spectrum of the MS component from the combined spectrum. This is done by subtracting a synthetic sdB spectrum with a surface gravity and effective temperature determined from the SED fit. As the sdB component only has a few lines and only wavelength regions that don't contain balmer or He lines are used, this is equivalent to subtracting the continuum contribution of the sdB component.
Each HERMES spectrum is treated separately. First the HERMES response curve is removed from the spectrum after which its continuum is determined by fitting a low degree polynomial to the spectrum. Then the continuum contribution of the sdB component is subtracted following:
Where F tot is the total flux in the HERMES spectrum, F MS and F sdB are the normalized fluxes of the MS and sdB components, C is the continuum of the HERMES spectrum, and F rat is the ratio of the sdB flux to the MS flux. As only the regions where the sdB component does not have significant lines are used, F sdB (λ) = 1 for every λ. The normalized MS spectrum is then given by:
The obtained MS spectra are shifted to zero velocity, and averaged weighted by their S/N. An example region of the final extracted spectra for both systems is plotted in Fig. 5 . This way of disentangling the spectra is dependent on the atmospheric parameters of both components, which means that the disentangling process needs to be repeated when a new set of atmospheric parameters for the MS component is derived from the iron lines. This is done until convergence, which happened for all systems after two iterations. The parameters of the sdB component cannot be derived from the resulting spectra, but tests were performed to check their influence. As it turns out, changing the T eff or log g of the sdB component within the errors determined in the SED fitting process, does not have a significant effect on the parameters of the MS component derived from the iron lines.
Atmospheric parameters and abundances
The Versatile Wavelength Analysis 3 (VWA) tool developed by Bruntt et al. (2002) is used to determine the effective temperature, surface gravity, microturbulent velocity and abundances of the MS components. VWA generates synthetic spectra using the SYNTH software of Valenti & Piskunov (1996) . Atomic line data is taken from the VALD database (Kupka et al. 1999 ), but the log(g f ) values are adjusted so that every line measured by Wallace et al. (1998) reproduces the atmospheric abundances by Grevesse et al. (2007) . The atmosphere models are interpolated from MARCS model atmospheres (Gustafsson et al. 2008 ) using the solar composition of Grevesse et al. (2007) . The VWA package fits abundances in a semi-automatic way. It first selects the least blended lines in the spectra, and determines the abundances of these lines by calculating synthetic spectra for each line while iteratively changing the input abundance until the equivalent widths of the observed and synthetic spectrum match. The main advantage of VWA is that the synthetic spectrum includes the contribution of neighboring lines, thus making it possible to analyze stars with a high rotational velocity. A detailed description of the VWA software can be found in Bruntt et al. (2004 Bruntt et al. ( , 2008 Bruntt (2009); Bruntt et al. (2010a,b) .
Before the spectra are analyzed, they are carefully normalized with the RAINBOW tool of the VWA package. Then the spectra are compared to synthetic spectra, and projected rotational velocities of 52 ± 5 km s −1 , 17 ± 4 km s −1 and 8 ± 3 km s −1 are found for the G-star components of respectively BD+29
• 1543 and Feige 87. Especially BD+29
• 3070 has a high rotational velocity, resulting in severe line blending, which makes it difficult to derive the atmospheric parameters. These parameters are determined using only the iron lines. The effective temperature is determined by requiring the abundance of the Fe i lines to be independent of the excitation potential. The surface gravity is derived by requiring the same abundance for Fe i and Fe ii lines, and checked by fitting synthetic spectra to several calcium and magnesium lines that are sensitive to changes in log g (Gray 2005 ). Furthermore the independence of abundance on equivalent width gives the microturbulence velocity. When the atmospheric parameters are determined the final abundances of all measured lines are calculated, and the overall metallicity is obtained by averaging all abundances over the measured elements weighted by the number of lines found for each element. The disentangled spectrum of BD+29
• 3070 has the highest signal-to-noise ratio of the three systems (S/N ∼ 130), making it possible to derive robust parameters regardless of the high rotational blending. In total, 401 suitable lines were selected after comparing the data with a synthetic spectrum. In the abundance determination process 56 lines (of which 34 Fe i and 3 Fe ii lines) were used and had an equivalent width between 10 and 90 mÅ. The three Fe ii lines have too large scatter to constrain the surface gravity and are ignored for this purpose. To obtain an estimate of the surface gravity three calcium lines (Ca λ 6122, Ca λ 6162, Ca λ 6439) and the magnesium triplet (Mg-1b λ 5172) are fitted with synthetic spectra. This resulted in a surface gravity of log g = 4.3 ± 0.5 dex. Using the surface gravity determined from the Ca and Mg lines, the atmospheric parameters determined based on the Fe i lines are: T eff = 6100 ± 200 K and v micro = 1.50 ± 0.35 km s −1 . The overall metallicity calculated using all 56 lines is [M/H] = 0.09 ± 0.21. The abundances of all lines are given in Table 8 .
Having a lower rotational velocity and a still a high signal to noise (S/N ∼ 90), more useful lines (578) were found in BD+34
• 1543. After the fitting process 99 lines (including 50 Fe i and 6 Fe ii lines) were fitted and had an equivalent width between 10 and 90 mÅ. In this case the scatter on the abundances of the Fe ii lines was low, we used it together with the Fe i lines to constrain the surface gravity, resulting in log g = 4.2 ± 0.3 dex. This value is supported by fitting synthetic spectra to the same Ca and Mg lines as for BD+29
• 3070. Based on the Fe i lines an effective temperature of T eff = 6150 ± 150 K and a microturbulence of v micro = 1.45 ± 0.25 km s −1 were found. The averaged metallicity is found to be slightly sub solar at [M/H] = −0.24 ± 0.12. The abundances of all elements are shown in Table 8 .
Feige 87 has the lowest rotational velocity, but this advantage is partly countered by the low signal-to-noise ratio of the disentangled spectrum (S/N ∼ 35). From the 428 selected lines 93 were used (including 51 Fe i lines and 3 Fe ii lines). The scatter of the Fe ii lines is high compared to the previous system, thus they are not very reliable in constraining the surface gravity. Based on fitting synthetic spectra to Ca and Mg lines, and on Table 8 .
Spectral fitting
F and G type MS companions of sdB stars can be easily resolved in the optical as they have similar brightnesses and distinct spectra. This allows one to disentangle such composite spectra from a single observation without knowing the radii or fluxes of the components. Such a binary decomposition was implemented in the XTgrid (Németh et al. 2012 ) spectral fitting algorithm and was used to estimate the atmospheric parameters of the components in 29 composite spectra binaries. XTgrid employs the NLTE model atmosphere code TLUSTY (Hubeny & Lanz 1995) for the subdwarf component and interpolated MILES (Cenarro et al. 2007 ) template spectra for the MS companion. The binary spectrum is fitted with a linear combination of the two components. This method is independent from the SED and VWA analysis and was applied for low-resolution flux calibrated spectra obtained with the B&C spectrograph, therefore it can be used to check the consistency of the different approaches.
Without preliminary assumptions on the spectral types XTgrid confirmed the results of the SED and VWA analysis on BD+29
• 1543 within error bars, but predicted a lower surface gravity of the components in Feige 87. Then, with the help of the radial velocity measurements, we could constrain the surface gravities of the companions which helped achieving a better consistency of the decomposition in all three cases. Our results are listed in Table 9 and the disentangled binary spectra are plotted in Fig. 6 . We note that the lower contribution of the MS star in Feige 87 raises the uncertainties of our parameter determination. 
Notes.
(a) Flux ratio F sdB / F MS in wavelength range 6720 -6800 Å (b) Abundance given as log(nX/nH)
Gravitational redshift
If the difference between the surface gravity of both components in a binary system is substantial, this can give rise to a frequency shift in the emitted radiation. This effect is caused by a difference in gravitational redshift for the two stars. From general relativity one can derive that the gravitational redshift as function of the mass and surface gravity of the star (Einstein 1916) :
Where z g is the gravitational redshift, c the speed of light, G the gravitational constant, M the mass, and g the surface gravity. This z g will effectively change the apparent systemic velocity for the star. In a binary system the difference in surface gravity for both components will be visible as a difference in systemic velocity between the components. As z g is proportional to the square root of the surface gravity, this effect is only substantial when there is a large difference in log g between the components, as is the case for compact subdwarfs and main-sequence stars. The difference in systemic velocity between the MS and sdB component measured in the radial velocity curves can be used to estimate the surface gravity of the sdB component (see also Paper I). Using a canonical value of 0.47 M ⊙ for the sdB component and the mass ratio, the mass of the MS component can be calculated. Together with the surface gravity of the MS component derived from the SED fit and spectral analysis, the z g of the MS component can be calculated. The z g of the sdB component can then be derived by combining z g,MS with the measured difference in systemic velocity, and can be converted to an estimated surface gravity for the sdB component. A caveat here is that the wavelength of the He I λ 5875 multiplet is only known with a presision of ∼ 0.01 Å, corresponding to a systematic radial velocity uncertainty of up to ∼ 0.5 km s −1 . The measured shift in systemic velocity could be partly due to this uncertainty, but since the observations are consistent with the predicted gravitational redshift we believe this to be the main contributor.
For BD+29
• 3070, the system velocity of the sdB component is weakly constrained and does not yield a very constrained surface gravity for the sdB component. However, the system veloc- ities of the other two systems are better constrained. The measured differences in system velocity for the three systems are:
Using the averaged values for the surface gravity of the MS components as given in Table 10 , the estimated surface gravities of the sdB components of these systems are: 
The asymmetrical error on the surface gravity is calculated using a Monte Carlo simulation taking into account the error on the difference in system velocity and the errors on the parameters of the MS component. The resulting surface gravities correspond with the results from the other methods presented in this paper.
Absolute parameters
Combining the results of the SED fit, the spectral analysis, gravitational redshift and the orbital parameters derived from the radial velocity curves, the absolute dimensions of BD+29
• 1543 and Feige 87 can be determined. With the assumed canonical sdB mass of M sdB = 0.47 M ⊙ , the inclination of the systems can be derived from the reduced mass determined in Sect. 2.2. This inclination can be used to calculate the semi-major axis of the systems. The atmospheric parameters (T eff , log g) determined with the four different methods (SED fitting, derived from the iron lines, spectral fitting and from the gravitational-redshift) correspond well within their errors. The final values for these parameters are the averages of the three methods weighted by their errors. The radii of the components is calculated from the mass and surface gravity. The system velocity is set to the system velocity of the MS component as the sdB component is subjected to significant gravitational redshift as discussed in Section 5. A last interesting observation of this small sample is that the two circular systems and PG 1018+243 with a possible circular orbit, have the shortest orbital periods. Although the sample is too small to state strong conclusions, this might support the above claim that the circularization process is not as efficient as expected and doesn't fully circularize the longer period systems.
Conclusions
Using both literature photometry and observed spectra, detailed astrophysical parameters of BD+29
• 1543 and Feige 87 have been established. The long time-base spectroscopic observations made it possible to determine accurate periods, and to solve the orbit of both the MS and sdB component in all three systems. The atmospheric parameters were determined with three different techniques: based on the spectral energy distribution, using iron lines in the disentangled MS spectra, and from low-resolution flux calibrated spectra. Furthermore, the measured gravitational-redshift could be used to derive the surface gravity of the sdB components. The results obtained with these different methods agree within their errors.
The sdB components of all three systems are consistent with a canonical post-core-helium-flash model with a mass around 0.47 M ⊙ . However, the orbits of these systems are clearly eccentric, as opposed to what the current theory predicts. The periods found here correspond with the updated version of the BPS studies of Chen et al. (2013) , although a significant degree of atmospheric RLOF must be included in order to reach the ∼1300 d period of BD+29
• 3070. Furthermore, Chen et al. (2013) finds a metallicity -orbital period relation, where the orbital period will decrease with decreasing metallicity. The observed periods of BD+29
• 1543 and Feige 87 (1283 d, 972 d, 936 d) for metallicities (solar, about half solar, about 1/3 rd solar) follow the metallicity relation, but significantly exceed the predictions of Chen et al. (2013) . The same conclusion can be reached for PG 1104+243 (P = 753 d, ∼1/3 rd solar, Paper I). We assume that the metallicity measured for the companion is comparable to the initial Z for the system, which ignores any contamination during RLOF, and can therefore be considered as an upper limit to the initial Z. All four systems call for the inclusion of atmospheric RLOF, also at lower metallicities. While the sample is too limited yet to make conclusions with respect to the period distribution, the long periods found in this paper indicates that an additional mechanism such as atmospheric RLOF is required for all the systems, not just those with periods >1100 d, as suggested by Chen et al. (2013) . BD+29
• 1543 and Feige 87 are part of an ongoing long-term observing program of sdB + MS binaries with HERMES at Mercator. Currently most of the systems accessible with the 1.2m Mercator + HERMES telescope-spectrograph combination have been analysed, but orbital solutions of more systems are needed in order to test the predicted orbital distributions. Our results call for the study of eccentricity pumping mechanisms (e.g. Bonačić Marinović et al. 2008 ) also in the framework of sdB binaries.
